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"TAWP APPLICATIONS 

This application is a continuation in part of applicati n 
Serial Number 08/316,231, filed September 30, 1994, the disclosure 
of which is incorporated by reference. 

«™ or ™ IHVBHTIQH 

This invention relates to a nucleic acid molecule which code 
for a tumor rejection antigen precursor. More particularly, th 
invention concerns genes, whose tumor rejection antigen precursor 
is processed, inter alia, into at least one tumor rejection antigen 
that is presented by HLA-A24 molecules. The tumor rejecti n 
antigen precursor, or "TRAP" may be processed into additi nal 
peptides presented by other MHC molecules, such as HLA-A1 and its 
alleles, HLA-A2 , HLA-Cw # 1601, HLA-B44, and so forth. The genes in 
question do not appear to be related to other known tumor rejecti n 
antigen precursor coding sequences, are expressed on a variety of 
tumors and, with the exception of testis, ovary and endometrial 
cells, are not expressed by normal cells. 

BACKGROU ND AMD PRIOR ART 

The process by which the mammalian immune system recogniz s 
and reacts to foreign or alien materials is a complex one. An 
important facet of the system is the T lymphocyte, or "T cell" 
response. This response requires that T cells recognize and 
interact with complexes of cell surface molecules, referred t as 
human leuk cyt antig ns ("HLA"), or maj r hist c mpatibility 
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complexes ("MHCs") , and peptides. The peptides are derived fr m 
larger molecules which are processed by the cells which also 
present the HLA/MHC molecule. See in this regard Male et al. , 
Advanced Immunology (J. p. Lipincott Company, 1987), especially 
5 chapters 6-10. The interaction of T cells and HLA/peptid 
complexes is restricted, requiring a T cell specific for a 
particular combination of an HLA molecule and a peptide. If a 
specific T cell is not present, there is no T cell response even 
if its partner complex is present. Similarly, there is no respons 

10 if the specific complex is absent, but the T cell is present. This 
mechanism is involved in the immune system's response to foreign 
materials, in autoimmune pathologies, and in responses to cellular 
abnormalities. Much work has focused on the mechanisms by which 
proteins are processed into the HLA binding peptides. See, in this 

15 regard, Barinaga, Science 257: 880 (1992); Fremont et al. , Science 
257: 919 (1992); Matsumura et al., Science 257: 927 (1992); Latr n 
et al.. Science 257: 964 (1992). 

The mechanism by which T cells recognise cellular 
abnormalities has also been implicated in cancer. For example, in 

20 PCT application PCT/US92/04354 , filed May 22, 1992, published on 
November 26, 1992, and incorporated by reference, a family of gen s 
is disclosed, which are processed into peptides which, in turn, are 
expressed on cell surfaces, which can lead to lysis of the tumor 
cells by specific CTLs cytolytic T lymphocytes, or "CTLs" 

25 h reaft r. The genes are said to code f r "tumor r j ction antig n 
pr cursors'* or "TRAP" m lecules, and th p ptides d riv d ther fr m 
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ar referr d to as "turn r r j action antig ns" or "TRAs". S e 
Traversari et al., Immunogenetics 35: 145 (1992); van der Brugg n 
et al.. Science 254: 1643 (1991), for further information on this 
family of genes. Also, see U.S. patent application Serial Number 

5 807,043, filed December 12, 1991, now U.S. Patent No. 5,342,774, 
incorporated by reference in its entirety. The "MAGE" family of 
tumor rejection antigen precursors is disclosed in this patent. 

In U.S. patent application Serial Number 938,334, now U.S. 
Patent No. 5,405,940 the disclosure of which is incorporated by 

10 reference, it is explained that the MAGE-1 gene codes for a tumor 
rejection antigen precursor which is processed to nonapeptides 
which are presented by the HLA-A1 molecule. The nonapeptides which 
bind to HLA-A1 follow a "rule" for binding in that a motif is 
satisfied. In this regard, see e.g. PCT/US93/07421; Falk et al., 

15 Nature 351: 290-296 (1991); Engelhard, Ann Rev. Immunol. 12: 181- 
207 (1994); Ruppert et al.. Cell 74: 929-937 (1993); RStzschke et 
al., Nature 348: 252-254 (1990); Bjorkman et al. , Nature 329: 512- 
518 (1987); Traversari et al. , J. Exp. Med. 176: 1453-1457 (1992). 
The reference teaches that given the known specificity of 

20 particular peptides for particular HLA molecules, one should exp ct 
a particular peptide to bind to one HLA molecule, but not to 
others. This is important, because different individuals poss ss 
different HLA phenotypes. As a result, while identification of a 
particular peptide as being a partner for a specific HLA molecule 

25 has diagnostic and therapeutic ramifications, these are only 
r levant for individuals with that particular HLA ph notype. Th r 

4 
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is a need for further work in the area, because cellular 
abnormalities are not restricted to one particular HIA phenotyp , 
and targeted therapy requires some knowledge of the phenotype of 
the abnormal cells at issue. 
5 In U.S. Patent Application Serial Number 008,446, fil d 

January 22, 1993 and incorporated by reference, the fact that th 
MAGE-1 expression product is processed to a second TRA is 
disclosed. This second TRA is presented by HIA-Cw # 1601 molecul s. 
The disclosure shows that a given TRAP can yield a plurality f 
10 TRAs, each of which will satisfy a motif rule for binding to an KHC 
molecule. 

In U.S. Patent Application Serial Number 994,928, fil d 
December 22, 1992, and incorporated by reference herein teach s 
that tyrosinase, a molecule which is produced by some normal cells 
15 (e.g., melanocytes), is processed in tumor cells to yield peptid s 
presented by HIA-A2 molecules. 

In U.S. patent application Serial No. 08/032,978, filed March 
18, 1993, and incorporated by reference in its entirety, a second 
TRA, not derived from tyrosinase is taught to be presented by HIA- 
20 A2 molecules. The TRA is derived from a TRAP, but is coded for by 
a non-MAGE gene. This disclosure shows that a particular HIA 
molecule may present TRAs derived from different sources. 

In U.S. patent application Serial No. 08/079, 110, filed June 
17, 1993 and incorporated by reference herein, an unrelated turn r 
25 rejection antig n pr cursor, the s -call d "BAGE" precursor is 
described. Th BA6E precursor is n t r lated to the MAGE family. 
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In U.S. pat nt applicati ns Serial No. 08/096,039 and S rial 
No. 08/250,162, both of which are incorporated by reference, n n- 
related TRAP precursor GAGE is also disclosed. 

The work which is presented by the papers, patent, and patent 
5 applications cited supra deals, in large part, with the MAGE family 
of genes, and the unrelated BAGE and GAGE genes. It has now been 
found, however, that additional tumor rejection antigen precurs rs 
are expressed by cells. These tumor rejection antigen precurs rs 
are referred to as "DAGE W tumor rejection antigen precursors. They 
10 do not show homology to the MAGE family of genes, the BAGE gen , 
or the GAGE gene. Thus the present invention relates to gen s 
encoding such TRAPs, the tumor rejection antigen precursors 
themselves as well as applications of both. 

What further characterizes the DAGE tumor rejection antigen 
15 precursors is that their expression by tumor cells is much m re 
widespread than the other tumor rejection antigen precurs rs 
described previously. This is proven Infra* Yet, the expression 
of the family by normal cells is again limited to testis, ovary and 
endometrial cells. Thus, a much more general means of assaying for 
20 the presence of transformed cells is available than previously. 
This will be seen by way of the examples. 

The invention is elaborated upon further in the disclosure 
which follows. 
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fRTCT DESCRIPTION OF THE FIGURES 

Figure 1 describes, collectively, 51 Cr release, cell lysis studi s. 
In particular: 

Figure 1A shows lysis of cell line LB33-MEL.B-1; 
5 Figure IB shows lysis of LB33 B cells transformed by EBV. 

These are autologous cells. 

Figure 1C shows lysis studies on NK target K562. In each 

case, the effector cells were CTL clone LB33-CTL-269/17. 

Figure 2 presents studies on the inhibition of lysis by 
10 cytolytic T cells in the presence of an anti-HLA-A24 monoclonal 
antibody. The studies were carried out in the presence or absenc 
of 30 fold dilutions of culture medium of a hybridoma producing the 
HLA-A24 specific monoclonal antibody. 

Figures 3A & 3B 6how the result of lysis experiments following 
15 transfection of LB804-AIX cells with the sequence Hi2. 

Figure 4 shows the results obtained in a TNF release assay 
using CTL 269/17. The stimulator cells were either LB33-MEL.B-1, 
COS-7 cells, COS-7 cells tranfected with a cDNA sequence coding for 
HLA-A24 , or COS-7 cells trans feet ed with both cDNA sequence coding 
20 for HLA-A24, and cDNA coding for a tumor rejection antig n 
precursor in accordance with this invention. 

Figure 5 compares induced lysis using various peptides deriv d 
from DAGE. 

Figure 6 shows the expression of DAGE in various tissu 
25 samples. 
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p griTI.gD DESC RIPTION QT PUBggftRBD EMBODIMEHT8 

Melanoma cell line LB33-MEL.B was derived from a metastasis 
of patient LB33, using standard techniques. Tumor cells were then 
5 cloned by limiting dilution, resulting in clone LB33-MEL.B-1, used 
hereafter . 

Samples containing mononuclear blood cells (which include 
lymphocytes) were taken from patient LB33. Samples of clone LB33- 
MEL.B-l were contacted to the mononuclear blood cell samples. Th 
10 mixtures were observed for lysis of the LB33-MEL.B-1 cells, this 
lysis indicating that cytolytic T cells ("CTLs") specific for a 
complex of peptide and HXA molecule presented by the cells wer 
present in the sample. 

The lysis assay employed was a chromium release assay 
15 following Herin et al., Int. J. Cancer 39:390-396 (1987), the 
disclosure of which is incorporated by reference. The assay, 
however, is described herein. The target melanoma cells were grown 
In vitro . Prior to labelling, these cells were incubated for 48 
hours, in the presence of 50 U/ml of IFN-y to increase th 
20 expression of HIA Class I molecules. The cells were th n 
resuspended at 10 7 cells/ml in DMEM, supplemented with 10 mM HEPES 
and 30% FCS (i.e. fetal calf serum), and incubated for 45 minutes 
at 37 °C with 200 jiCi/ml of Na( 51 Cr)0 4 . Labelled cells were washed 
thre times with DMEM, supplemented with 10 mM Hepes. These were 
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then resuspended in DMEM supplemented with 10 mM Hepes and 10% FCS, 
after which 100 ul aliquots containing 10 3 cells, were distributed 
into 96 well microplates. PBL containing samples were added in 100 
ul of the same medium, and assays were carried out in duplicat . 
5 Plates were centrifuged for 4 minutes at lOOg, and incubated for 
four hours at 37 # C in a 5.5% C0 2 atmosphere* 

Plates were centrifuged again, and 100 ul aliquots of 
supernatant were collected and counted. Percentage of 51 Cr release 
was calculated as follows: 

10 % 51 Cr release = (ER~SR) x 100 

(MR-SR) 

where ER is observed, experimental 51 Cr release, SR is spontaneous 
release measured by incubating 10 s labeled cells in 200 ul of 
medium alone, and MR is maximum release, obtained by adding 100 ul 
15 0*3% Triton X-100® to target cells. 

Those mononuclear blood cell samples which showed high CTL 
activity were expanded and cloned via limiting dilution, and were 
screened again, using the same methodology. 

The same method was used to test target K562 cells. When 
20 EBV-B cells were used, the only change was the replacement of DMEM 
medium by Hank's medium, supplemented with 5% FCS. 

These experiments led to isolation of CTL clone LB33-CTL- 
269/17 from patient LB33. As figures 1A-1C indicate, this CTL 
clone lysed LB33-MEL.B-1 tumor cells, but not EBV transformed B 
25 c lis f patient LB33, nor K562 c lis. When the target cells w r 
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incubated with a m noclonal antibody specific to HIA-A24 , lysis was 
inhibited, suggesting that any TRA peptide involved is presented 
by H1A-A24. Figure 2 shows these results . 

A second CTL» clone, referred to as LB3 3 -CTL-2 69 / 1 , lysed LB33- 
5 MEL.B-1 but not EBV-B transformed B cells nor K562, thus suggesting 
that the same target antigen was recognized. Lysis by clone LB33- 
CTL-269/1 was also inhibited by the anti-HLA-A24 monoclonal 
antibody. 

BKampl^ 8 

10 Having identified the presenting HHC molecule as KLA-A24 , 

studies were carried out to identify the coding sequence for the 
protein molecule, referred to hereafter as the "tumor rejection 
antigen precursor" or "TRAP" molecule which was the source of the 
presented peptide. 

15 To do this, total RNA was isolated from cell line LB33- 

MEL.B-1. The mRNA was isolated using an oligo-dT binding kit, 
following well recognized techniques. Once the mRNA was secured, 
it was transcribed into cDNA, again using standard methodologi s. 
The cDNA was then ligated to EcoRI adaptors and cloned into th 

20 EcoRI site of plasmid pcDNA-I/Amp, in accordance with 
manufacturer's instructions. The recombinant plasmids were th n 
electroporated into DH5a £. coli (electroporation conditions: l 
pulse at 25 pfarads, 2500 V). 

The transfected bacteria were selected with ampicillin (50 

25 jig/ml) , and th n divid d into 400 p ols of 100 cl n s each. Each 

10 
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pool represented about 50 different cDNAs, as analysis shoved that 
all plasmids contained an insert and cloning was not directional* 
Each pool was amplified to saturation, and plasmid ONA was isolated 
via alkaline lysis , potassium acetate precipitation and phenol 
5 extraction, following Maniatis et al., in Molecular Cloning: A 
Laboratory Manual (Cold Spring Harbor, N. Y. , 1982). Cesium 
gradient centrifugation was not used. 

EKttgpjLa 3 

The amplified plasmids were then transfected into eukaryotic 
10 cells. Samples of COS-7 cells were seeded, at 15,000 cells/well 
into tissue culture flat bottom microwells, in Dulbecco's modifi d 
Eagles Medium ("DMEM") supplemented with 10% fetal calf serum. Th 
cells were incubated overnight at 37 °C, medium was removed and then 
replaced by 30 Ml/well of DMEM medium containing 10% Nu serum, 400 
15 M9/»l DEAE-dextran, 100 jiM chloroguine, 100 ng of plasmid pcDNA- 
I/Amp-A2A and 100 ng of DNA of a pool of the cDNA library described 
supra. Plasmid pcDNA-I/Amp-A24 contains the HLA-A24 gene from 
LB33-MEL.B which was identified as allele HLA-A*2402. Following 
four hours of incubation at 37 °C, the medium was removed, and 
20 replaced by 50 Ml of PBS containing 10% DMSO. This medium was 
removed after two minutes and replaced by 200 /*1 of DMEM 
supplemented with 10% of FCS. 

Following this change in medium, COS cells were incubated f r 
48 h urs at 37 # C. Medium was th n discard d, and 2000 .c lis f 
25 described CTL cl ne 269/1 were added, in 100 jil of Iscov 's medium 
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containing 10% po led human serum. Supernatant was remov d after 
24 hours, and TNF content was determined in an assay on WEHI cells, 
as described by Traversari et al., Immunogenetics 35: 145-152 
(1992) , the disclosure of which is incorporated by reference. 
5 Of 400 pools tested, one was positive. 

gMPFlt 4 

The bacteria of the positive pool were subcloned. Plasmid DNA 
was extracted from 600 individual colonies, and cotransf ected with 
pcDNA-I/Amp-A24 into new samples of COS cells in the same manner 
10 as described supra . and the cells were again tested for stimulation 
of CTL 269/1. A positive clone was found, identified as "SEIO". 

The plasmid from the positive clone was removed, and sequenced 
following art known techniques. 

The sequence identified is 1554 base pairs long (see SEQ ID 
15 HO: 1) . This sequence contains an open reading frame encoding 518 
amino acids. 

The 104 nucleotides at positions 1310-1413 were found to be 
identical to the 104 first base pairs of a 113 base pair sequenc 
recorded in Genbank: L25344, HOMRBCESTC "Human (clone 17) m 
20 erythroleukemic expressed sequence tag (EST) mRNA fragment. - No 
sequences were found which corresponded to the sequence of SEQ ID 
NO: 1, however. 



12 
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pxamnle S 

Following the isolation of 5E10, described supra , it was used 
as a probe in a standard Northern Blot, using total RNA of LB 33- 
MEL, and standard techniques. 
5 The results showed a band of about 2.5 kilobases, which is, 

of course, somewhat longer than the probe itself. This suggests 
that clone 5E10 is not complete. 

As a result, the same cDNA library prepared from RNA of LB33- 
MEL cells was screened, again using cDNA 5E10 as a probe. A cDNA 
10 clone of 2148 base pairs was identified, and sequenced. It is 
referred to as Hi2. The sequence of 5E10 is completely includ d 
in that of Hi2, except that at base 254, Hi2 has cytosine, whil 
5E10 has thymine. 

ftmnplf f 

15 Following the isolation of Hi2, a set of experiments w r 

carried out in order to confirm that Hi2 was a tumor rejection 
antigen precursor encoding sequence. Specifically, HLA-A24 
positive leukemia cell line LB804-ALL was used, because prior 
experiments had shown that CTL 269/17, described supra . did n t 

20 lyse 

this line. 

Cells of the leukemia line were transfected with expression 
vector pEF-BOS-puro.PL3 , which carries a gene conferring puromycin 
resistanc , and into which cDNA Hi 2 was cl n d. Pur mycin 
25 r sistant populations w r s lected, and isolat d. Th s pr v d 
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to b sensitive t CTL 269/17, thus indicating that expression f 
antigen LB33-E is not dependent upon the high copy number which 
results from COS-7 transf ection . 

Figures 3 A and 3B show these results, where 3 A shows th 
5 leukemia cell line before transf ection, where CTL 269/17 is th 
responder. 

The sequence of Hi2 is provided as SEQ ZD NO: 2 . Wh n 
comparing it to other sequences in data banks, it was found that 
nucleotides 1486-1589 are identical to 104 base pairs of a 113 bas 

10 pair sequence expressed in myeloid leukemia cell line K562 (6 n 
Bank:I*25344) • Nucleotides 1983-2128 are identical to 146 of 147 
base pairs expressed in promyelocyte leukemia cell line* HL-60 
(DDBJ:D20455) , while nucleotides 1736-2067 are 97% homologous with 
325 base pairs of a 332 base pair cDNA found in cells of human 

15 testis (Gen Bank: T19428) • 

Analysis of the sequence of Hi2 shows an open reading fram 
encoding a putative protein of 509 amino acids, which has no signal 
sequence. No significant homology was found with other prot in 
sequences in data banks. 

20 gxaw*» 7 

Hi2 was then used to isolate genomic DNA encoding th 
pertinent protein. The DNA of 12 groups of 70,000 cosmids of a 
human genomic DNA library was collected, and 5E10 was used to 
hybridize to these, using standard methodologies. The cl n 
25 hybrid! 2 d to on cosmid gr up. Foil wing subcloning on c smid 



BNSDOCID: <WO 9610577A1_I_> 



WOW/10577 



PCT/US95/12117 



was identified which hydridized with cDNA cl n 5E10. The s guenc 
was secured by using primers deduced from the cDNA sequence. Th 
sequence presents six exons, with the open reading frame spanning 
exons 3-6. 

5 BAlfflPlt ? 

The information in SEQ ZD NO: 1 was sufficient to permit 

analysis of gene expression via polymerase chain reaction (PCR) . 

The following primers were used: 

5 ' -GCCTGCTGAAGGATGAGGCC-3 ' 
10 (SEQ ID NO: 3) 

5 ' -GGTGCTGCAGGAGACTCTGC-3 ' 
(SEQ ID NO: 4) 

These correspond to nucleotides 157-176, and 1328*1347 of SEQ ID 
NO : 1 , respectively . 

15 The PCR was carried out for 28 cycles, (1 cycle: 1 minute 94°C, 2 
minutes at 65°C, 3 minutes at 72*C). In carrying out the PCR, 2*5 
ul of cDNA template, prepared as described supra . was combined with 
2*5 ul of lOx Dynazyme buffer, 0.25 ul of each dNTP (10 mM) , 0.5 
ul of each primer (20 mM) , 0.5U Dynazyme (0.25 ul stock, 2 U/ml) , 

20 and 18.5 ul water. Table 1, which follows, sets forth the results. 

Note the expression over a number of varied tumor samples, as well 
as tumor cell lines, indicating that this is not an artifact f 
cell culture. Further, with the exception of testis, there is 
absolutely no expression in normal tissues. 

15 
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% 



Tabl 1 



Expression of the gene corresponding to cDNA clone 5E10 in turn rs 
and normal tissues 



Normal ttissuM! 

Liver 0/1 

Stomach 0/1 

Colon 0/1 

Lung 0/1 

Spleen 0/1 

Heart 0/1 

Breast 0/1 

Bladder 0/1 

Prostate 0/1 

Thymus 0/1 

Bone marrow o/i 

Blood lymphocytes o/l 

Fibroblasts o/l 

Testis 2/2 

Twttwr samples: 

Melanoma 5/5 

Lymphoma 2/5 

Chronic Myeloid Leukemia 1/2 

Chronic Lymphoid Leukemia 1/5 

Acute Myeloid Leukemia 0/6 

Renal Carcinoma 3/6 

Sarcoma 2/3 

Breast carcinoma 2/5 

TuiBQr gell lines: 

Melanoma 11/15 

Leukemia 3/6 

Burkitt lymphoma 2/4 
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A second assay was carried out, based upon TNF (tumor necrosis 
factor) release. In this assay, COS -7 cells (10,000 

cells/mirowell) were transfected with the plasnid pcDNAI/Amp 
5 carrying HLA-A24 cDNA, as described supra , or cotransfected with 
this plasmid and plasmid pcDNAI/Amp containing SEQ ZD. HO: 1, 
described supra . Twenty four hours after transf ection, 3000 cells 
of CTL 269/17 were added to the transf ectants. In a control, th 
same number of LB 3 3 -MEL, B-l cells were used. The concentration of 

10 TNF released in the cell medium was measured after 24 hours, using 
TNF sensitive cell line WEHI-164C13. 

The results are presented in figure 4. They show that TNF 
release by CTLs was provoked only with COS cells cotransfected with 
vectors expressing HLA-A24 and SEQ ID NO 1. COS cells do not 

15 present H1A-A24 on their own, nor do they express the sequences of 
the invention. When cotransfected, however, they were able to 
provoke TNF release to a level nearly that of autologous cell line 
LB33-ME1.B-1. 

The results, as set forth in figure 3, not only show that th 
20 material of SEQ ID NO: 1 does in fact code for a tumor rejection 
antigen precursor which stimulates CTLs when processed, it also 
shows that, as elaborated upon infra . one can assay for the 
presence of CTLs which are specific for tumor cells by suing non- 
transformed cells, such that the resulting transf ectant will 
25 xpr ss both HLA-A24 and DA6E. 
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As it has been well established that TRAPs are processed to 
smaller tumor rejection antigens, experiments were undertaken to 
identify a tumor rejection antigen or antigens produced from th 
5 described sequences* 

The cDNA for 5E10 was partially digested with the endonucleas 
Nsil, and the thus truncated cDNA clones were cotransf ected int 
GOS-7 cells with HLA-A24 cDNA clones. Transf ectants were then 
tested for expression of LB33-E, by adding CTL 269/17, and 

10 measuring TNF production. 

Results are summarized in figure 5. Nucleotides corresponding 
to nucleotides 1047-1260 of the cDNA of Hi2 were found to encod 
the relevant antigen. Four sequences in this region which (i) wer 
9 or 10 amino acids long, (ii) had Tyr or Phe at position 2, and 

15 (iii) had one of Phe, Leu, lie, or Trp at C-terminus were possibl • 
This is the motif for HLA-A24 binding described by Kubo, et al, J. 
Immunol 152:3913 (1994); Meier, et al, I mmu no gene tics 40:306-308 
(1994) . These were synthesized, and incubated with cells of KHC 
class I negative B-cell lympoblastoid line C1R, which had b n 

20 transfected with the HLA-A24 cDNA clone described supra . One 
peptide: 

Leu Tyr Val Asp Ser Leu Phe Phe Leu (SEQ ID NO. 5) , was found 
to sensitize the transfected C1R-A24 cells to lysis by the anti 
LB33-E CTLs, with half maximal effect at 500 nM. 
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Comparative experiments were carried out, wherein peptides 
containing one additional N- or C- terminal amino acid, and vh re 
the C-terminal Leu was deleted, were used. SEQ ZD NO: 7 sensitized 
the cells to lysis, although to a lesser degree than SEQ ID NO: 5. 
5 SEQ ID NOS : 8 and 9 were much less sensitive in sensitizing th 
cells, as is shown in figure 6. Peptides used extended SEQ ID NO: 5 
at the N-terminus with Ala (SEQ ID NO: 7) , and by deleting the C- 
terminal Leu (SEQ ID NO: 8). Addition of Arg to the C terminus 
resulted in SEQ ID NO: 9. In these experiments, s1 Cr labeled C1R-A24 
10 cells were incubated for 30 minutes in the presence of indicated 
peptide concentrations CTLs were added at E/T ratios of 10:1, and 
chromium release was measured after 4 hours. 

Example 11 

Tests were then carried out, using the well known revers 
15 transcriptase polymerase chain reaction ("RT-PCR"), to determine 
expression of the subject gene. In table 2, which follows th 
results are shown. 

The higher proportion of positive tumors were melanomas (91%) , 
lung squamous carcinomas (78%), and adenocarcinomas (46%), as well 
20 as renal carcinomas (43%) , sarcomas (40%) , and acute leukemias 
(33%). 

There was also some expression in normal tissues. Testis, 
ovary, and endometrium expressed about 10% of what was found in 
c 11 line LB 3 3 -MEL, while 1 w r 1 vels were found in skin, brain, 
25 h art, kidney, and adrenal tissue. N t Table 2 and figure 6. 
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Tabl 2. Express! n f gene DAGE by tumoral tissues. 



Bntto tmxiots 1/7 

Colorectal ca rnmnm as 2/51 4% 

Gastric carcinomas 172 

Naevi 9/18 

Melanomas primary lesions 43/49 88% 

metastases 144/152 95% 

ocular 5/9 

Neocoblasianias 2/3 

H^ftfj cede sqpwnc"* cmping"*— 17/44 39% 

Lung carcinomas SCLC JM 

NSCLC axicnocarcinomas 12/26 46% 

squamous carcinomas 51165 78% 

Prostatic carcinomas 2/20 

Renal carcinomas 24/56 43% 

Bladdcrtumor. j^dal £6 

Sarcomas 10/25 40% 

Mamrnary carcinomas 45/169 27% 

TtyroSd carcinomas f/5 

Acute leiikernias 21/63 33% 

Melanomas 72™ 97% 

Long carcinomas SCLC 70% 

NSCLC 2g 

Mesotheliomas 2/18 

Head and neck tumors 2/7 

Bladder tumors 2/9 

Colorectal carcinomas JfJJ 

Renal carcinomas ww 

EBY-transformed lymphoblastoid B cell lines 0/8 
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The foregoing examples show the isolation f a nucleic acid 
molecule which codes for a tumor rejection antigen precursor. This 
"TRAP" coding molecule , however, is not homologous with any of the 
previously disclosed MAGE, BAGE or GAGE coding sequences described 
5 in the references set forth fiUQEA. Hence, one aspect of th 
invention is an isolated nucleic acid molecule having the 
nucleotide sequence set forth in SEQ ID NO : 1 or SEQ ID NO : 2, 
as well as those portions of SEQ ID NO: 1 or SEQ ID NO: 2 which 
express TRAs such as those encoding SEQ ID NOS : 5, 7 and 9 

10 presented by MHC molecules such as HLA-A24 , and derived from DAGE. 

This sequence is not a MAGE, BAGE or GAGE coding sequence, as will 
be seen by comparing it to the sequence of any of these genes as 
described in the cited references. Also a part of the inventi n 
are those nucleic acid sequences which also code for a non-MAGE, 

15 non-BAGE and non-MAGE tumor rejection antigen precursor but which 
hybridize to the nucleic acid molecule having the nucleotid 
sequence of SEQ ID NO: 1 and/or 2 under stringent conditions. Th 
term "stringent conditions" as used herein refers to paramet rs 
with which the art is familiar. More specifically, stringent 

20 conditions, as used herein, refers to hybridization in 1M NaCl, 1% 
SDS, and 10% dextran sulfate. This is followed by two washes f 
the filter at room temperature for 5 minutes, in 2xSSC, and n 
wash for 30 minutes in 2xSSC, 0.1% SDS. There are other 
conditions, reagents, and so forth which can be used, which result 

25 in the sam r high r d gre of string ncy. Th skill d 
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artisanwill be familiar with such conditi ns, and, thus, th y ar 
not given here. 

The widespread distribution in the expression of this gene (7 
out of 8 types of tumor were found to express it) , shows that the 
5 isolated nucleic acid molecule can be used as a diagnostic probe 
to determine presence of transformed cells. The identification of 
melanoma was 100%, so on a very basic level, the isolated nucleic 
acid molecules may be used to determine whether or not melanoma is 
present. Note that there are many ways available to the skill d 

10 artisan to confirm that a tumor sample is a melanoma sample, and 
these need not be reiterated here. Further, the rate of success 
in identifying tumors is in accordance with nucleic acid bas d 
diagnostic methods for determining transformation of cells. 

It will also be seen from the examples that the inventi n 

15 embraces the use of the sequences in expression vectors, which may 
be used to transform or to transfect host cells and cell lines, be 
these prokaryotic (e.g., £. £&!!)# or eukaryotic (e.g., CHO or COS 
cells) • The expression vectors require that the pertinent 
sequence, i.e., those described supra . be operably linked to a 

20 promoter. As it has been found that human leukocyte antigen HLA- 
A24 presents a tumor rejection antigen derived from these genes, 
the expression vector may also include a nucleic acid sequenc 
coding for HLA-A24 . In a situation where the vector contains both 
coding sequences, it can be used to transform or transfect a cell 

25 which does not normally express either one. The tumor rejecti n 
antig n pr cursor coding sequ nee may be us d alon , wh n, e.g., 
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the host cell already expresses HLA-A24. Of course, there is no 
limit on the particular host cell which can be used. As th 
vectors which contain the two coding sequences may be used in HIA~ 
A24 presenting cells if desired, and the gene for tumor rejection 
5 antigen precursor can be used in host cells which do not express 
HLA-A24. 

The invention also embraces so called expression kits, which 
allow the artisan to prepare a desired expression vector r 
vectors. Such expression kits include at least separate portions 

10 of each of the previously discussed coding sequences. Other 
components may be added, as desired, as long as the previously 
mentioned sequences, which are required, are included. 

To distinguish the nucleic acid molecules and the TRAPs of the 
invention from the previously described MAGE, BAGE and GAGE 

15 materials, the invention shall be referred to as the DAGE family 
of genes and TRAPs. Hence, whenever "DAGE" is used herein, it 
refers to the tumor rejection antigen precursors coded for by th 
previously described sequences. "DAGE coding molecule" and similar 
terms, are used to describe the nucleic acid molecules themselves. 

20 The invention as described herein has a number of uses, som 

of which are described herein. First, the invention permits th 
artisan to diagnose a disorder characterized by expression of th 
TRAP. These methods involve determining expression of the TRAP 
gene, and/or TRAs derived therefrom, such as a TRA presented by 

25 HLA-A24. In th f rmer situation, such d t rminations can be 
carried out via any standard nucl ic acid d terminati n assay, 
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including th polym rase chain r acti n, or assaying with labelled 
hybridization probes. In the latter situation, assaying with 
binding partners for complexes of TRA and HIA, such as antibodi s, 
is especially preferred. An alternate method for determination is 
5 a TNF or s1 Cr release assay, of the types described supra - 

The isolation of the TRAP gene also makes it possible t 
isolate the TRAP molecule itself, especially TRAP molecul s 
containing the amino acid sequence coded for by SEQ ZD NO: 2. 
These isolated molecules when presented as the TRA, or as complex s 

10 of TRA and HIA, such as HLA-A24, may be combined with materials 
such as adjuvants to produce vaccines useful in treating disord rs 
characterized by expression of the TRAP molecule. In addition, 
vaccines can be prepared from cells which present the TRA /HIA 
complexes on their surface, such as non-prolif erative cancer cells, 

15 non-prolif erative transf ectants, etcetera. In all cases wh r 
cells are used as a vaccine, these can be cells transf ected with 
coding sequences for one or both of the components necessary to 
provide a CTL response, or be cells which express both molecules 
without transfection. Further, the TRAP molecule, its associat d 

20 TRAs, as well as complexes of TRA and HIA, may be used to produc 
antibodies, using standard techniques well known to the art. 

When "disorder" is used herein, it refers to any pathological 
condition where the tumor rejection antigen precursor is expressed. 
An example of such a disorder is cancer, melanoma in particular. 

25 Melanoma is well known as a cancer of pigment producing cells. 

24 



BNSDOCID: <WO 9610577A1 J_> 



WO 96/10577 PCT/US9S/121 17 



Therapeutic approaches based upon the disclosure are premis d 
on a response by a subject's immune system, leading to lysis of TRA 
presenting cells, such as HLA-A24 cells. One such approach is the 
administration of CTLs specific to the complex to a subject with 
5 abnormal cells of the phenotype at issue. It is within the skill 
of the artisan to develop such CTLs In vitro . Specifically, a 
sample of cells, such as blood cells, are contacted to a c 11 
presenting the complex and capable of provoking a specific CTL to 
proliferate. The target cell can be a transf ectant, such as a COS 

10 cell of the type described supra. These transf ectants present the 
desired complex on their surface and, when combined with a CTL f 
interest, stimulate its proliferation. COS cells, such as thos 
used herein are widely available, as are other suitable host cells. 
To detail the therapeutic methodology, referred to as adoptive 

15 transfer (Greenberg, J. Immunol. 136(5): 1917 (1986); Riddel t 
al., Science 257: 238 (7-10-92); Lynch et al., Eur. J. Immunol. 21: 
1403-1410 (1991); Kast et al., Cell 59: 603-614 (11-17-89)), cells 
presenting the desired complex are combined with CTLs leading to 
proliferation of the CTLs specific thereto. The proliferated CTLs 

20 are then administered to a subject with a cellular abnormality 
which is characterized by certain of the abnormal cells presenting 
the particular complex, where the complex contains the pertinent 
HLA molecule. The CTLs then lyse the abnormal cells, thereby 
achieving the desired therapeutic goal. 

25 The f r going therapy assumes that at 1 ast som f th 

subject's abn rmal c lis pres nt the r levant HLA /TRA compl x. 
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This can be d termin d v ry asily, as the art is v ry familiar 
with methods for identifying cells which present a particular HLA 
molecule, as well as how to identify cells expressing DNA of the 
pertinent sequences, in this case a DAGE sequence. Once c lis 
presenting the relevant complex are identified via the foreg ing 
screening methodology, they can be combined with a sample from a 
patient, where the sample contains CTLs. If the complex presenting 
cells are lysed by the mixed CTL sample, then it can be assumed 
that a GAGE derived, tumor rejection antigen is being present d, 
and the subject is an appropriate candidate for the therapeutic 
approaches set forth supra . 

Adoptive transfer is not the only form of therapy that is 
available in accordance with the invention. CTLs can also be 
provoked In vivo - using a number of approaches. One approach, 
i.e., the use of non-prolif erative cells expressing the compl x, 
has been elaborated upon suqea. cells used in this approach 

may be those that normally express the complex, such as irradiat d 
melanoma cells or cells transfected with one or both of the genes 
necessary for presentation of the complex. Chen et al., Pr c. 
Natl. Acad. Sci. USA 88: 110-114 (January, 1991) exemplifies this 
approach, showing the use of transfected cells expressing HPV E7 
peptides in a therapeutic regime. Various cell types may be us d. 
Similarly, vectors carrying one or both of the genes of interest 
may be used. Viral or bacterial vectors are especially preferred. 
In these systems, the gene of interest is carried by, e.g., a 
Vaccinia virus r th bacteria BCG, and th mat rials de facto 
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"infect" host cells. The cells which result present the compl x 
of interest, and are recognized by autologous CTLs, which then 
proliferate. A similar effect can be achieved by combining th 
tumor rejection antigen or the precursor itself with an adjuvant 
to facilitate incorporation into HLA-A24 presenting cells which 
then present the HLA/peptide complex of interest. The TRAP is 
processed to yield the peptide partner of the HLA molecule whil 
the TRA is presented without the need for further processing. 

Also a feature of this invention are isolated peptides deriv d 
from the DAGE TRAP which conform to the rules for presentation by 
MHC molecules. For example, in PCT application No. PCT/US93/07421, 
incorporated by reference herein, several motifs are described as 
being associated with different MHC molecules. These motifs, 
incorporated by reference herein, as well as those taught by, e.g. 
Falk et al., Nature 351: 290-296 (1991); Engelhard, Ann. Rev. 
Immunol 12: 181-207 (1994); Ruppert et al., Cell 74: 929-937 
(1993); Rotzschke et al.. Nature 348: 252-254 (1990); Bjorkman et 
al.. Nature 329: 512-518 (1987) and Traverser! et al., J. Exp. Med. 
176: 1453-1457 (1992) all of which are incorporated by referenc , 
serve as a basis for identifying appropriate peptides obtainable 
or derivable from the DAGE gene. These peptides may be used alone, 
or in mixtures, in another aspect of the invention, which is now 
described. Exemplary of these are the following. For* HLA-A2, a 
binding motif is Xaa Leu Xaa Gly (Xaa) n Leu (SEQ ID NO : 10) where 
n is 4 or 5. Amino acids 120-128 of SEQ ID NO : l corr sp nd to 
this motif. A s c nd m tif for HLA-A2 r places terminal Leu with 
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Val (SEQ ID NO : 3), and amin acids 375-384 satisfy this m tif. 
For HLA-A3, the motifs are Xaa Leu (Xaa) 6 (Lys or Tyr) (SEQ ZD NO 
: 11 and SEQ ID NO : 12). Amino acids 48*56, 100-108, 138-146, 
214-222, and 257-265 of SEQ ID NO : 1 well satisfy this motif. For 
5 HLA-A11, the motif (Xaa) 7 Lys Lys (SEQ ID NO : 13) is known, and 
amino acids 169-178, 214-223, and 223-232 will satisfy it. F r 
HLA-A24, the known motif is Xaa Tyr (Xaa) 6 Leu, (SEQ ID NO : 13) 
and is satisfied by amino acids 274-282, and 467-475 as well as SEQ 
ID NO : 5. For HLA-B7, the motif is Xaa Pro Arg (Xaa) s Leu, (SEQ 

10 ID NO : 14) and amino acids 68-76 meet it. For HLA-B8, (Xaa) 2 Lys 
Xaa Lys (Xaa) 3 Leu (SEQ ID NO : 15) is the motif, satisfied by 
amino acids 176-184 and 218-226. For HLA-B44, motif Xaa Glu (Xaa) 3 
Asp (Xaa) 2 Phe (SEQ ID NO : 16) is satisfied by amino acids 204-212. 
For HLA-Cw*1601 is satisfied by amino acids 60-68, and 395-403. 

15 The fact that a number of sequences are present which 

correspond to HLA motifs suggests what will be referred to herein 
as "cocktail" therapeutic and diagnostic uses. It is expected that 
in a typical CTL response to tumor cells, CTLs specific to mor 
than one complex of peptide and HLA molecule will proliferate. F r 

20 example, it may be the case that for HLA-A24 presenting cells, CTLs 
specific for HLA-A24 and amino acid sequence 467-475 will 
proliferate. Thus, one ca optimize the assay by using both 
peptides when attempting to identify CTLs. Similarly, the 
therapeutic methods might be optimized by using more than one HLA- 

25 A24 binding peptide. 
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It is well known that individuals are not "monovalent 9 * for HLA 
molecules, as cells present more than one kind of HIA. Thus, n 
can maximize diagnostic and/or therapeutic by combining a number 
of peptides as described supra in a diagnostic assay to determine 
5 CTLs, or to treat patients in the therapies described £UB£A- 

Any concern as to false positives, is believed to be misplac d 
because, as noted supra . the nucleic acid molecules of the 
invention have been found to be expressed only in tumor cells, s 
the presence of CTLs to the HLA and the peptides must be considered 

10 de facto evidence of the presence, at some time in the past of the 
present existence of a cancerous or transformed condition. Thus, 
cocktails of the peptides of the invention can be prepar d. 
Determination of the components of the mixture is not difficult, 
because all that is needed is one or more of the HLA types 

15 presented by the individual under consideration. HLA typing is a 
very standard technique, well known in the art; and well within th 
abilities and skill of the artisan. 

It has been fairly well established that the blood of 
individuals afflicted with tumors frequently contains cytolytic T 

20 cells ("CTLs 91 ) against complexes of MHC molecules and presented 
peptides. See, e.g., Robbins et al., Cane. Res. 54: 3124-3126 
(1994); Topolian et al., J* Immunol. 142: 3714-3725 (1989); Couli 
et al., Int. J. Cancer 50: 289-297 (1992), all of which ar 
incorporated by reference. Also, note Kawakami et al., J. Exp. 

25 M d. 180: 347-352 (1994); Horn et al. , J. Immunother 10: 153-164 
(1991), Darrow et al, J. Immunol. 142(9): 3329-3335 (1989); Slovin 
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t al. # J. Immun 1. 137(9): 3042*3048 (1986), all f which ar 
incorporated by reference. These papers all establish th 
usefulness of a CTL proliferation assay to diagnose cancer. 
Expressed generally, one takes a peripheral blood lymphocyte (PBL) 
5 containing sample from a subject to be tested. Assuming that th 
patient does have a tumor, or the subject's cells have began t 
undergo transformation, CTLs which are specific to transform d 
cells with be contained in that sample. These CTLs can be 
stimulated to proliferate via contact with a target cell which 

10 presents complexes of a relevant MHC molecule and the peptide 
presented thereby. For example, as was shown, supra . DAGE derived 
tumor rejection antigens ("TRAs") are presented by HLA-A24 cells. 
Thus, by mixing the PBL sample with a target of HLA-A24 presenting 
cells and peptides which are derived from a TRAP and presented by 

15 HLA-A24 , one can observe CTL proliferation, and thus diagnose for 
the presence of transformed cells. These cells can be cells which 
normally present the MHC molecule in question, but can also be 
cells transformed by an HLA coding sequence. The cells may b 
tumor cells, or normal cells. Various ways of determining CTL 

20 proliferation are known, including TNF release assays, and 51 Cr 
release assays. Other methodologies are also available. Thus, on 
aspect of the invention involves mixing a target cell sample with 
a peptide or mix of peptides derived from a DAGE TRA and present d 
by the MHC molecules of the target cell sample and with the PBLs 

25 of the subject under evaluation. The mixture is then tested for 
CTL pr lif ration. 
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Th peptide r p ptides nay also be combin d with ne r more 
adjuvants which stimulate a more pronounced CTL response. 
Exemplary of such adjuvants are saponins and their derivatives, 
such as those disclosed by U.S. Patent No. 5,057,540 to Kensil t 
5 al., incorporated by reference or PCT application PCT/US92/03579 
to Scott et al«, also incorporated by reference* Of cours , 
standard adjuvants, such as Freund's complete adjuvant, or Freund's 
incomplete adjuvant, may also be used. 

Other aspects of the invention will be clear to the skill d 
10 artisan and need not be repeated here. 

The terms and expressions which have been employed are used 
as terms of description and not of limitation, and there is no 
intention in the use of such terms and expressions of excluding any 
equivalents of the features shown and described or portions 
15 thereof, it being recognized that various modifications ar 
possible within the scope of the invention. 
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We claim: 

1. An isolated nucleic acid molecule consisting essentially of 
the nucleotide sequence set forth in SEQ ID NO: 1. 

2. An isolated nucleic acid molecule consisting essentially of 
the nucleotide sequence set forth in SEQ ID NO : 2. 

3. An isolated nucleic acid molecule which hybridizes, under 
stringent conditions, to the nucleic acid molecule set forth 
in SEQ ID NO: 1 or SEQ ID NO : 2, and codes for a turn r 
rejection antigen precursor, with the proviso that said 
isolated nucleic acid molecule does not code for any of a MAGE 
tumor rejection antigen precursor or a BA6E tumor rejection 
antigen precursor or a GAGE tumor rejection antigen precursor. 

4. An isolated nucleic acid molecule consisting of nucleotid s 
1-1554 Of SEQ ID NO: 1. 

5. An isolated mRNA molecule which is complementary to th 
nucleic acid molecule of claim 1. 

6. A host cell transfected or transformed with the nucleic acid 
molecule of claim 1. 
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7. A host cell transfected or transformed with the nucleic acid 
molecule of claim 3. 

8. A host cell transfected or transformed with the nucleic acid 
molecule of claim 4. 

9. An expression vector comprising the isolated nucleic acid 
molecule of claim 1 or claim 2, operably linked to a promoter. 

10. An expression vector comprising the isolated nucleic acid 
molecule of claim 3 operably linked to a promoter. 

11. An expression vector comprising the isolated nucleic acid 
molecule of claim 4, operably linked to a promoter. 

12. The host cell of claim 6, wherein said host cell is a 
mammalian cell which expresses HLA-A24. 

13. The host cell of claim 7, wherein said host cell is a 
mammalian cell which expresses HXA-A24 • 

14. The host cell of claim 8, wherein said host cell is a 
mammalian cell which expresses HIA-A24. 

15. Th express! n vect r of claim 9, furth r comprising a nucl ic 
acid molecule which c d s for HLA-A24 . 
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16. Th xpressi n v crt r of claim 10, further comprising a 
nucleic acid molecule which codes for HLA-A24. 

17* The expression vector of claim 11, further comprising a 
nucleic acid molecule which codes for MA-A24 . 

18. Expression kit comprising a separate portion of each of: 

(i) the isolated nucleic acid molecule of claim 1 or 
claim 2, and 

(ii) a nucleic acid molecule which codes for HLA-A24. 

19. Expression kit comprising a separate portion of each of: 

(i) the isolated nucleic acid molecule of claim 3, and; 

(ii) a nucleic acid molecule which codes for HLA-A24. 

20. Expression kit comprising a separate portion of each of: 

(i) the isolated nucleic acid molecule of claim 4, and; 

(ii) a nucleic acid molecule which codes for HIA-A24. 

21. An isolated tumor rejection antigen precursor coded for by th 
nucleic acid molecule of claim 1, 2, 3 or 4. 

22. Isolated peptide of SEQ ID NO : 5 or SEQ ID NO : 7. 
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ftHATEP APPLICATIONS 

This application is a continuation in part of application 
Serial Number 08/316,231, filed September 30, 1994, the disclosur 
of which is incorporated by reference. 

ymD OF THE INVENTION 

This invention relates to a nucleic acid molecule which code 
for a tumor rejection antigen precursor. More particularly, the 
invention concerns genes, whose tumor rejection antigen precursor 
5 is processed, inter alia, into at least one tumor rejection antigen 
that is presented by HIA-A24 molecules* The tumor rejection 
antigen precursor, or "TRAP" may be processed into additional 
peptides presented by other HHC molecules, such as HLA-A1 and its 
alleles, HLA-A2 , HLA-Cw*1601, HLA-B44 , and so forth. The genes in 
10 question do not appear to be related to other known tumor rejection 
antigen precursor coding sequences, are expressed on a variety of 
tumors and, with the exception of testis, ovary and endometrial 
cells, are not expressed by normal cells. 

pacKQRowp mtc> PMpy mw 

The process by which the mammalian immune system recogniz s 
and reacts to foreign or alien materials is a complex one. An 
important facet of the system is the T lymphocyte, or n T cell" 
response. This response requires that T cells recognize and 
interact with complexes of cell surface molecules, ref rred t as 
human 1 ukocyt antig ns ("HLA") , or major histocompatibility 
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complexes ("MHCs"), and peptides. The peptides are derived from 
larger molecules which are processed by the cells which also 
present the H1A/MHC molecule. See in this regard Male et al., 
AdYanged Immunology (J. P. Lipincott Company, 1987) , especially 
5 chapters 6-10. The interaction of T cells and HIA/peptide 
complexes is restricted, requiring a T cell specific for a 
particular combination of an HLA molecule and a peptide. if a 
specific T cell is not present, there is no T cell response ev n 
if its partner complex is present. Similarly, there is no response 
10 if the specific complex is absent, but the T cell is present. This 
mechanism is involved in the immune system's response to foreign 
materials, in autoimmune pathologies, and in responses to cellular 
abnormalities. Much work has focused on the mechanisms by which 
proteins are processed into the HLA binding peptides. See, in this 
15 regard, Barinaga, Science 257: 880 (1992); Fremont et al., Scienc 
257: 919 (1992); Matsumura et al., Science 257: 927 (1992); Latron 
et al. , Science 257: 964 (1992). 

The mechanism by which T cells recognize cellular 
abnormalities has also been implicated in cancer. For example, in 
20 PCT application PCT/US92/04354, filed May 22, 1992, published on 
November 26, 1992, and incorporated by reference, a family of genes 
is disclosed, which are processed into peptides which, in turn, are 
expressed on cell surfaces, which can lead to lysis of the tumor 
cells by specific CTLs cytolytic T lymphocytes, or "CTLs" 
25 her aft r. Th genes are said t code for "tumor r jection antigen 
precursors" or "TRAP" m lecules, and the peptides derived therefr m 
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are referr d to as "tumor r jection antigens 11 or "TRAs". Se 
Traversari et al., Immunogenetics 35: 145 (1992); van der Brugg n 
et al.. Science 254: 1643 (1991), for further information on this 
family of genes. Also, see U.S. patent application Serial Number 
5 807,043, filed December 12, 1991, now U.S. Patent No. 5,342,774, 
incorporated by reference in its entirety. The "MAGE" family f 
tumor rejection antigen precursors is disclosed in this patent. 

In U.S. patent application Serial Number 938,334, now U.S. 
Patent No. 5,405,940 the disclosure of which is incorporated by 

10 reference, it is explained that the MAGE— 1 gene codes for a tumor 
rejection antigen precursor which is processed to nonapeptides 
which are presented by the HLA-A1 molecule. The nonapeptides which 
bind to HLA-A1 follow a "rule" for binding in that a motif is 
satisfied. In this regard, see e.g. PCT/US93/07421; Palk et al., 

15 Nature 351: 290-296 (1991); Engelhard, Ann Rev. Immunol. 12: 181- 
207 (1994); Ruppert et al., Cell 74: 929-937 (1993); RStzschke t 
al., Nature 348: 252-254 (1990); Bjorkman et al. , Nature 329: 512- 
518 (1987); Traversari et al., J. Exp. Med. 176: 1453-1457 (1992). 
The reference teaches that given the known specificity of 

20 particular peptides for particular HLA molecules, one should expect 
a particular peptide to bind to one KLA molecule, but not t 
others. This is important, because different individuals possess 
different HLA phenotypes. As a result, while identification of a 
particular peptide as being a partner for a specific HLA molecul 

25 has diagnostic and th rapeutic ramificati ns, thes are nly 
r 1 vant for individuals with that particular HLA phenotyp • Ther 
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is a ne d for further wrk in the area, because cellular 
abnormalities are not restricted to one particular HLA phenotype, 
and targeted therapy requires some knowledge of the phenotype f 
the abnormal cells at issue. 

In U.S. Patent Application Serial Number 008,446, filed 
January 22, 1993 and incorporated by reference, the fact that th 
MAGE-1 expression product is processed to a second TRA is 
disclosed. This second TRA is presented by KLA-Cw*l60l molecules. 
The disclosure shows that a given TRAP can yield a plurality of 
TRAs, each of which will satisfy a motif rule for binding to an MHC 
molecule. 

In U.S. Patent Application Serial Number 994,928, filed 
December 22, 1992, and incorporated by reference herein teaches 
that tyrosinase, a molecule which is produced by some normal cells 
(e.g., melanocytes) , is processed in tumor cells to yield peptides 
presented by HLA-A2 molecules. 

In U.S. patent application Serial No. 08/032,978, filed March 
18, 1993, and incorporated by reference in its entirety, a second 
TRA, not derived from tyrosinase is taught to be presented by HLA- 
A2 molecules. The TRA is derived from a TRAP, but is coded for by 
a non-MAGE gene. This disclosure shows that a particular HLA 
molecule may present TRAs derived from different sources. 

In U.S. patent application Serial No. 08/ 079, 110, filed Jun 
17, 1993 and incorporated by reference herein, an unrelated tumor 
r jection antig n precursor, th so-call d "BAGE" precursor is 
described. Th BAGE pr cursor is n t r lat d to the MAGE family. 

5 
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In U.S. pat: nt applicati ns S rial No. 08/096,039 and Serial 
No. 08/250,162, both of which are incorporated by reference, non- 
related TRAP precursor GAGE is also disclosed. 

The work which is presented by the papers, patent, and patent 
5 applications cited supra deals, in large part, with the MAGE family 
of genes, and the unrelated BAGE and GAGE genes. It has now be n 
found, however, that additional tumor rejection antigen precursors 
are expressed by cells. These tumor rejection antigen precursors 
are referred to as "DAGE" tumor rejection antigen precursors. They 
10 do not show homology to the MAGE family of genes, the BAGE gen , 
or the GAGE gene. Thus the present invention relates to genes 
encoding such TRAPs, the tumor rejection antigen precursors 
themselves as well as applications of both. 

What further characterizes the OAGE tumor rejection antigen 
15 precursors is that their expression by tumor cells is much more 
widespread than the other tumor rejection antigen precursors 
described previously. This is proven infra . Yet, the expression 
of the family by normal cells is again limited to testis, ovary and 
endometrial cells. Thus, a much more general means of assaying for 
20 the presence of transformed cells is available than previously. 
This will be seen by way of the examples. 

The invention is elaborated upon further in the disclosur 
which follows. 
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BRIEF DESCRIPTION or m rTonpgp 

Figure l describes, collectively, »Cr release, cell lysis studies. 
In particular: 

Figure 1A shows lysis of cell line LB33-MEL.B-1; 
Figure IB shows lysis of LB33 B cells transformed by EBV. 
These are autologous cells. 

Figure 1C shows lysis studies on NK target K562. In each 
case, the effector cells were CTL clone LB33-CTL-269/17. 
Figure 2 presents studies on the inhibition of lysis by 
cytolytic T cells in the presence of an anti-HIA-A24 monoclonal 
antibody. The studies were carried out in the presence or absence 
of 30 fold dilutions of culture medium of a hybridoma producing the 
HLA-A24 specific monoclonal antibody. 

Figures 3A & 3B show the result of lysis experiments following 
transfection of LB804-ALL cells with the sequence Hi2. 

Figure 4 shows the results obtained in a TNF release assay 
using CTL 269/17. The stimulator cells were either LB33-MEL.B-1, 
COS-7 cells, COS-7 cells tranfected with a cDNA sequence coding for 
HLA-A24, or COS-7 cells transfected with both cDNA sequence coding 
for HLA-A24, and cDNA coding for a tumor rejection antigen 
precursor in accordance with this invention. 

Figure 5 compares induced lysis using various peptides derived 
from OAGE. 

Figure 6 shows the expression of DAGE in various tissue 
25 sampl s. 
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DETAILED DESC RIPTION OF PREFERRED EMBODIMENTS 

Melanoma cell line LB 3 3 -MEL. B was derived from a metastasis 
of patient LB33, using standard techniques. Tumor cells were then 
5 cloned by limiting dilution, resulting in clone LB33-MEL.B-1, used 
hereafter. 

Samples containing mononuclear blood cells (which include 
lymphocytes) were taken from patient LB33. Samples of clone LB33- 
MEL.B-1 were contacted to the mononuclear blood cell samples. The 

10 mixtures were observed for lysis of the LB33-MEL.B-1 cells, this 
lysis indicating that cytolytic T cells ("CTLs") specific for a 
complex of peptide and HLA molecule presented by the cells were 
present in the sample. 

The lysis assay employed was a chromium release assay 

15 following Herin et al. , Int. J. Cancer 39:390-396 (1987), the 
disclosure of which is incorporated by reference. The assay, 
however, is described herein. The target melanoma cells were grown 
in vitro . Prior to labelling, these cells were incubated for 48 
hours, in the presence of 50 U/ml of IFN-7 to increase the 

20 expression of HLA Class I molecules. The cells were th n 
resuspended at 10 7 cells/ml in DMEM, supplemented with 10 mM HEPES 
and 30% PCS (i.e. fetal calf serum), and incubated for 45 minut s 
at 37°C with 200 ^Ci/ml of Na( 51 Cr)0 4 . Labelled cells were washed 
thr tim s with DMEM, suppl mented with 10 mM Hepes. These were 
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then r suap nded in OMEM supplemented with 10 mM Hepes and 10% PCS, 
after which 100 ul aliquots containing 10 5 cells, were distributed 
into 96 well microplates. PBL containing samples were added in 100 
ul of the same medium, and assays were carried out in duplicat . 
5 Plates were centrifuged for 4 minutes at lOOg, and incubated for 
four hours at 37 »c in a 5.5% co 2 atmosphere. 

Plates were centrifuged again, and 100 ul aliquots of 
supernatant were collected and counted. Percentage of 51 Cr release 
was calculated as follows: 

10 * 51 Cr release « fER-SRi x 100 

(MR— SR) 

where ER is observed, experimental s 'cr release, SR is spontaneous 
release measured by incubating 10 s labeled cells in 200 ul of 
medium alone, and MR is maximum release, obtained by adding loo ul 
15 o.3% Triton X-100® to target cells. 

Those mononuclear blood cell samples which showed high CTL 
activity were expanded and cloned via limiting dilution, and were 
screened again, using the same methodology. 

The same method was used to test target K562 cells. When 
20 EBV-B cells were used, the only change was the replacement of DMEM 
medium by Hank's medium, supplemented with 5% FCS. 

These experiments led to isolation of CTL clone LB33-CTL- 
269/17 from patient LB33. As figures 1A-1C indicate, this CTL 
clone lysed LB33-MEL.B-1 tumor cells, but not EBV transformed B 
25 c lis of patient LB33, nor K562 cells. Wh n the target c lis wer 
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incubat d with a in n cl nal antibody specific to HLA-A2 4 , lysis was 
inhibited, suggesting that any TRA peptide involved is present d 
by HIA-A2 4 . Figure 2 shows these results. 

A second CTL clone, referred to as LB33-CTL-269/1 , lysed LB33- 
5 MKL.B-1 but not EBV-B transformed B cells nor K562, thus suggesting 
that the sane target antigen was recognized. Lysis by clone LB33- 
CTL-269/1 was also inhibited by the anti-HLA-A24 monoclonal 
antibody. 

10 Having identified the presenting MHC molecule as HLA-A24 , 

studies were carried out to identify the coding sequence for the 
protein molecule, referred to hereafter as the "tumor rejection 
antigen precursor" or "TRAP" molecule which was the source of the 
presented peptide. 

15 To do this, total RNA was isolated from cell line LB33- 

MEL..B-1. The mRNA was isolated using an oligo-dT binding kit, 
following well recognized techniques. Once the mRNA was secured, 
it was transcribed into cONA, again using standard methodologies. 
The cDNA was then ligated to EcoRI adaptors and cloned into th 

20 EcoRI site of plasmid pcDNA~X/Amp, in accordance with 
manufacturer's instructions. The recombinant plasmids were then 
electroporated into DH5a £. coli (electroporation conditions: 1 
pulse at 25 ^farads, 2500 V). 

Th transfected bacteria were sel cted with ampicillin (50 

25 /jg/ml) , and then divid d into 400 pools of 100 cl nes ach. Each 

10 
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p 1 represent d ab ut 50 different cDNAs, as analysis shoved that 
all plasmids contained an insert and cloning was not directional. 
Each pool was amplified to saturation, and plasmid DNA was isolated 
via alkaline lysis, potassium acetate precipitation and phen 1 
extraction, following Maniatis et al., in Molecular Cloning: A 
Laboratory Manual (Cold Spring Harbor, N.Y., 1982). Cesium 
gradient centrifugation was not used. 

E*a»pl» 3, 

The amplified plasmids were then transfected into eukaryotic 
cells. Samples of COS-7 cells were seeded, at 15,000 cells/well 
into tissue culture flat bottom microwells, in Dulbecco's modifi d 
Eagles Medium ("DMEM") supplemented with 10% fetal calf serum. The 
cells were incubated overnight at 37 »c, medium was removed and then 
replaced by 30 Ml/well of DMEM medium containing 10% Nu serum, 400 
pg/ml DEAE-dextran, loo mM chloroguine, 100 ng of plasmid pcDNA- 
I/Amp-A2A and 100 ng of DNA of a pool of the cDNA library described 
supra. Plasmid pcDNA-I/Amp-A24 contains the HLA-A24 gene fr m 
LB33-MEL.B which was identified as allele HLA-A*2402. Following 
four hours of incubation at 37»C, the medium was removed, and 
replaced by 50 nl of PBS containing 10% DMSO. This medium was 
removed after two minutes and replaced by 200 nl of DMEM 
supplemented with 10% of PCS. 

Following this change in medium, COS cells were incubated f r 
48 h urs at 37 »c. M dium was then discarded, and 2000 cells f 
d scribed CTL cl ne 269/1 wer added, in 100 nl of Iscov 's m dium 

11 
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c ntaining 10% pooled human serum. Supernatant was removed aft r 
24 hours r and TNF content was determined in an assay on WEHI cells, 
as described by Traversari et al. , Immunogenetics 35: 145-152 
(1992) , the disclosure of which is incorporated by reference. 
5 Of 400 pools tested, one was positive. 

KHHBFl» 4 

The bacteria of the positive pool were subcloned. Plasmid DNA 
was extracted from 600 individual colonies, and cotransf ected with 
pcDNA-I/Amp-A24 into new samples of COS cells in the same manner 
10 as described siU2£&, and the cells were again tested for stimulation 
of CTL 269/1. A positive clone was found, identified as W 5E10 W . 

The plasmid from the positive clone was removed, and sequenced 
following art known techniques. 

The sequence identified is 1554 base pairs long (see SEQ ID 
15 NO: 1) • This sequence contains an open reading frame encoding 518 
amino acids. 

The 104 nucleotides at positions 1310-1413 were found to be 
identical to the 104 first base pairs of a 113 base pair sequenc 
recorded in Genbank: L25344, HOMRBCESTC "Human (clone 17)" 
20 erythroleukemic expressed sequence tag (EST) mRNA fragment. No 
sequences were found which corresponded to the sequence of SEQ ID 
NO: l # however. 



12 



BNSDOCID: <W0 9610577A1 JA> 



WO 96/10577 



PCT/US95/12117 



Following the isolation of 5E10, described supra . it was used 
as a probe in a standard Northern Blot, using total RNA of LB 33- 
MEL, and standard techniques. 

The results showed a band of about 2.5 kilobases, which is, 
of course, somewhat longer than the probe itself. This suggests 
that clone 5E10 is not complete. 

As a result, the same cDNA library prepared from RNA of LB33- 
MEL cells was screened, again using cDNA 5E10 as a probe. A cDNA 
clone of 2148 base pairs was identified, and sequenced. It is 
referred to as Hi2. The sequence of 5E10 is completely included 
in that of Hi2, except that at base 254, Hi2 has cytosine, while 
5E10 has thymine. 

Following the isolation of Hi2, a set of experiments wer 
carried out in order to confirm that Hi2 was a tumor rejecti n 
antigen precursor encoding sequence. Specifically, HLA-A24 
positive leukemia cell line LB804-ALL was used, because pri r 
experiments had shown that CTL 269/17, described supra . did n t 
lyse 

this line. 

Cells of the leukemia line were transfected with expression 
vector pEF-BOS-puro.PL3, which carries a gene conferring puromycin 
r sistanc , and into which cDNA Hi2 was cl ned. Pur mycin 
r sistant populati ns w r s lected, and is lat d. Th s pr ved 
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to be s nsitiv to CTL 269/17, thus indicating that expression f 
antigen LB33-E is not dependent upon the high copy number which 
results from COS-7 transfection. 

Figures 3A and 3B show these results, where 3A shows the 
5 leukemia cell line before transfection, where CTL 269/17 is th 
responder. 

The sequence of Hi2 is provided as SEQ ID NO: 2. Wh n 
comparing it to other sequences in data banks, it was found that 
nucleotides 1486-1589 are identical to 104 base pairs of a 113 base 

10 pair sequence expressed in myeloid leukemia cell line K562 (G n 
Bank:L25344) . Nucleotides 1983-2128 are identical to 146 of 147 
base pairs expressed in promyelocytic leukemia cell line. HL-60 
(DDBJ:D20455) , while nucleotides 1736-2067 are 97% homologous with 
325 base pairs of a 332 base pair cDNA found in cells of human 

15 testis (Gen Bank:T19428) . 

Analysis of the sequence of Hi2 shows an open reading fram 
encoding a putative protein of 509 amino acids, which has no signal 
sequence. No significant homology was found with other protein 
sequences in data banks. 

20 ttrample 7 

Hi2 was then used to isolate genomic DNA encoding th 
pertinent protein. The DNA of 12 groups of 70,000 cosmids of a 
human genomic DNA library was collected, and 5E10 was used to 
hybridize to these, using standard methodologies. Th cl ne 
25 hybridiz d t on c smid group. F lloving subcloning ne cosmid 
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was identified which hydridized with cDNA clone 5E10. The sequence 
was secured by using primers deduced from the cDNA sequence. Th 
sequence presents six exons, with the open reading frame spanning 
exons 3-6. 



The information in SEQ ID NO: l was sufficient to permit 

analysis of gene expression via polymerase chain reaction (PCR) . 

The following primers were used: 

5 * -GCCTGCTGAAGGATGAGGCC- 3 ' 
10 (SEQ ID NO: 3) 

5 ' -GGTGCTGCAGGAGACTCTGC- 3 ' 
(SEQ ID NO: 4) 

These correspond to nucleotides 157-176, and 1328-1347 of SEQ ID 
NO: l, respectively. 

15 The PCR was carried out for 28 cycles, (1 cycle: i minute 94"C, 2 
minutes at 65»C, 3 minutes at 72«C). In carrying out the PCR, 2.5 
ul of cDNA template, prepared as described supra , was combined with 
2.5 ul of lOx Dynazyme buffer, 0.25 ul of each dNTP (10 mM) , 0.5 
ul of each primer (20 mM) , 0.5U Dynazyme (0.25 ul stock, 2 U/ml) , 

20 and 18.5 ul water. Table i, which follows, sets forth the results. 

Note the expression over a number of varied tumor samples, as well 
as tumor cell lines, indicating that this is not an artifact of 
cell culture. Further, with the exception of testis, there is 
absolutely no expression in normal tissues. 
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Table 1 



Expression of the gene corresponding to cDNA clone 5E10 in tumors 
and normal tissues 



Normal tissues? 
Liver 
Stomach 
Colon 

Lung 0/1 
Spleen 0/1 
Heart 
Breast 
Bladder 
Prostate 

Thymus o/l 
Bone marrow o/l 
Blood lymphocytes o/l 
Fibroblasts 
Testis 



0/1 
0/1 
0/1 



0/1 
0/1 
0/1 
0/1 



0/1 
2/2 



5/5 



Tumor samples 
Melanoma 

Lymphoma 2/5 

Chronic Myeloid Leukemia 1/2 

Chronic Lymphoid Leukemia 1/5 

Acute Myeloid Leukemia 0/6 

Renal Carcinoma 3/6 

Sarcoma 2/3 

Breast carcinoma 2/5 

Tumor c ell lines ; 

Melanoma 11/15 

Leukemia 3/6 

Burkitt lymphoma 2/4 
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PfTllTlPlft ? 

A second assay was carried out, based upon TNF (tumor necrosis 
factor) release. In this assay, COS-7 cells (10,000 

cells/mirowell) were transfected with the plasmid pcDNAI/Amp 
5 carrying HIA-A24 cDNA, as described supra . or cotransf ected with 
this plasaid and plasmid pcDNAI/Amp containing SEQ ID NO: l, 
described fiUDXa. Twenty four hours after transf action , 3000 cells 
of CTL 269/17 were added to the transf ect ants . in a control, the 
sane number of LB33-MEL.B-1 cells were used. The concentration of 
10 TNF released in the cell medium was measured after 24 hours, using 
TNF sensitive cell line WEHI-164C13. 

The results are presented in figure 4. They show that TNF 
release by CTLs was provoked only with COS cells cotransf ected with 
vectors expressing HLA-A24 and SEQ ID NO l. COS cells do not 
15 present H1A-A24 on their own, nor do they express the sequences of 
the invention. When cotransf ected, however, they were able to 
provoke TNF release to a level nearly that of autologous cell line 
LB33-ME1.B-1. 

The results, as set forth in figure 3, not only show that the 
20 material of SEQ ID NO: l does in fact code for a tumor rejection 
antigen precursor which stimulates CTLs when processed, it also 
shows that, as elaborated upon infxfc, one can assay for th 
presence of CTLs which are specific for tumor cells by suing non- 
transformed cells, such that the resulting transf ectant will 
25 express both HLA-A24 and DAGE. 
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As it has been well established that TRAPs are processed t 
smaller tumor rejection antigens, experiments were undertaken to 
identify a tumor rejection antigen or antigens produced from the 
5 described sequences. 

The CDMA for 5E10 was partially digested with the endonuclease 
Nsil, and the thus truncated cDHA clones were cotransf ected into 
COS-7 cells with HLA-A24 cDNA clones. Transfectants were then 
tested for expression of LB33-E, by adding CTL 269/17, and 

10 measuring TNF production. 

Results are summarized in figure 5. Nucleotides corresponding 
to nucleotides 1047-1260 of the cDNA of Hi2 were found to encode 
the relevant antigen. Pour sequences in this region which (i) were 
9 or 10 amino acids long, (ii) had Tyr or Phe at position 2, and 

15 (iii) had one of Phe, Leu, lie, or Trp at c-terminus were possible. 

This is the motif for HLA-A24 binding described by Kubo, et al, J. 
Immunol 152:3913 (1994); Meier, et al, Immunogenetics 40:306-308 
(1994). These were synthesized, and incubated with cells of MHC 
class I negative B-cell lympoblastoid line C1R, which had been 

20 transfected with the HLA-A24 cDNA clone described supra . One 
peptide: 

Leu Tyr Val Asp Ser Leu Phe Phe Leu (SEQ ZD NO. 5) , was found 
to sensitize the transfected C1R-A24 cells to lysis by the anti 
LB33-E CTLs, with half maximal effect at 500 nM. 
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10 



Comparativ experiments were carried out, wherein peptides 
containing one additional N- or c-terminal amino acid, and where 
the C-terminal Leu was deleted, were used. SEQ ID NO: 7 sensitized 
the cells to lysis, although to a lesser degree than SEQ ID NO: 5. 
SEQ ID NOS : 8 and 9 were much less sensitive in sensitizing th 
cells, as is shown in figure 6. Peptides used extended SEQ ID NO: 5 
at the N-terminus with Ala (SEQ ID NO: 7), and by deleting the C- 
terminal Leu (SEQ id NO: 8) . Addition of Arg to the C terminus 
resulted in SEQ ID NO: 9. m these experiments, 51 cr labeled C1R-A24 
cells were incubated for 30 minutes in the presence of indicated 
peptide concentrations CTLs were added at E/T ratios of 10: l, and 
chromium release was measured after 4 hours. 



BMnala 11 

Tests were then carried out, using the well known revers 
15 transcriptase polymerase chain reaction ("RT-PCR") , to determin 
expression of the subject gene. in table 2, which follows the 
results are shown. 

The higher proportion of positive tumors were melanomas (91%) , 
lung squamous carcinomas (78%) , and adenocarcinomas (46%) , as well 
as renal carcinomas (43%) , sarcomas (40%) , and acute leukemias 
(33%). 

There was also some expression in normal tissues. Testis, 
ovary, and endometrium expressed about 10% of what was found in 
cell lin LB33-MEL, while lower levels wer found in skin, brain, 
25 h art, kidn y, and adrenal tissue, n t Tabl 2 and figur 6. 

19 
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Table 2. Expr ssi n of gene DAGE by -tumoral -tissues. 



Tumor ifwrnrt m 



Brain tomozs 1/7 

fyi)nr***t*\ <*mr»rnwmHt 2/51 

Oastrte carcinomas 1/2 

Naevi 9/18 

Melanomas primary lesions 43/49 

metastases 144/152 

ocular 5/9 

Neuroblastomas 2/3 

Head and neck squamous carcinomas 17/44 

Lang carcinomas SCLC 1/4 

NSCLC adenocarcinomas 12/26 

squamous carcinomas 51/65 

Prostatic carcinomas 2/20 

Renal carcinomas 24/56 

Bladder tumors superficial 4/36 

Inffltrpfhig 9/42 

Sarcomas 10/25 

Mammar y ftmrinanM 45/169 

Thyroid carcinoma* 3/5 

Acute leukemias 21/63 



4% 



88% 
95% 



39% 

46% 
78% 

43% 
11% 
21% 
40% 
27% 

33% 



Tnmnr c»ll llnM 

Melanomas 
Sarcomas 

Lung carcinomas SCLC 
NSCLC 

Mesotheliomas 
Head and neck tumors 
Bladder tumors 
Colorectal carcinomas 



72/74 
4/5 
19/27 
2/2 
2/18 
2/7 
23 
1/15 
9/12 



97% 
70% 



EBV-transformed lymphoblastoid B cell lines 



0/8 
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Th f r going examples show the isolation of a nucleic acid 
molecule which codes for a tumor rejection antigen precursor. This 
"TRAP" coding molecule, however, is not homologous with any of the 
previously disclosed MAGE, BAGE or GAGE coding sequences described 
5 in the references set forth sjuaaa. Hence, one aspect of the 
invention is an isolated nucleic acid molecule having the 
nucleotide sequence set forth in SEQ ID NO : l or SEQ ID NO : 2, 
as well as those portions of SEQ id NO: 1 or SEQ ID NO: 2 which 
express TRAs such as those encoding SEQ ID NOS : 5, 7 and 9 
10 presented by HHC molecules such as HIA-A24, and derived from DAGE. 

This sequence is not a MAGE, BAGE or GAGE coding sequence, as will 
be seen by comparing it to the sequence of any of these genes as 
described in the cited references. Also a part of the invention 
are those nucleic acid sequences which also code for a non-MAGE, 
15 non-BAGE and non-MAGE tumor rejection antigen precursor but which 
hybridize to the nucleic acid molecule having the nucleotide 
sequence of SEQ ID NO: l and/or 2 under stringent conditions. Th 
term "stringent conditions" as used herein refers to parameters 
with which the art is familiar. More specifically, stringent 
20 conditions, as used herein, refers to hybridization in 1M Naci, 1% 
SDS, and 10% dextran sulfate. This is followed by two washes f 
the filter at room temperature for 5 minutes, in 2xSSC, and on 
wash for 30 minutes in 2xSSC, 0.1% SDS. There are oth r 
conditions, reagents, and so forth which can be used, which result 
25 in the same or higher d gre of stringency. The skill d 
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artisanwill be familiar with such c nditi ns, and, thus, they ar 
not given here. 

The widespread distribution in the expression of this gene (7 
out of 8 types of tumor were found to express it) , shows that the 
5 isolated nucleic acid molecule can be used as a diagnostic probe 
to determine presence of transformed cells. The identification f 
melanoma was 100%, so on a very basic level, the isolated nucleic 
acid molecules may be used to determine whether or not melanoma is 
present. Note that there are many ways available to the skilled 

10 artisan to confirm that a tumor sample is a melanoma sample, and 
these need not be reiterated here. Further, the rate of success 
in identifying tumors is in accordance with nucleic acid based 
diagnostic methods for determining transformation of cells. 

It will also be seen from the examples that the invention 

15 embraces the use of the sequences in expression vectors, which may 
be used to transform or to transfect host cells and cell lines, be 
these prokaryotic (e.g., £. sail), or eukaryotic (e.g., CHO or COS 
cells) . The expression vectors require that the pertinent 
sequence, i.e., those described su pra . be operably linked to a 

20 promoter. As it has been found that human leukocyte antigen HLA- 
A24 presents a tumor rejection antigen derived from these genes, 
the expression vector may also include a nucleic acid sequenc 
coding for HLA-A24. In a situation where the vector contains both 
coding sequences, it can be used to transform or transfect a cell 

25 which does not normally express either one. The tumor rej cti n 
antigen precursor coding sequence may be us d al ne, when, e.g., 
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the host cell already expresses HIA-A24. of course, there is no 
limit on the particular host cell which can be used. As th 
vectors which contain the two coding sequences may be used in KLA- 
A24 presenting cells if desired, and the gene for tumor rejection 
antigen precursor can be used in host cells which do not express 
HIA-A24. 

The invention also embraces so called expression kits, which 
allow the artisan to prepare a desired expression vector or 
vectors. Such expression kits include at least separate portions 
of each of the previously discussed coding sequences. Other 
components may be added, as desired, as long as the previously 
mentioned sequences, which are required, are included. 

To distinguish the nucleic acid molecules and the TRAPs of the 
invention from the previously described MAGE, BAGE and GAGE 
materials, the invention shall be referred to as the DAGE family 
of genes and TRAPs. Hence, whenever "DAGE" is used herein, it 
refers to the tumor rejection antigen precursors coded for by the 
previously described sequences. "DAGE coding molecule" and similar 
terms, are used to describe the nucleic acid molecules themselves. 

The invention as described herein has a number of uses, some 
of which are described herein. First, the invention permits the 
artisan to diagnose a disorder characterized by expression of the 
TRAP. These methods involve determining expression of the TRAP 
gene, and/or TRAs derived therefrom, such as a TRA presented by 
HLA-A24. In the f rmer situati n, such d terminati ns can b 
carri d out via any standard nucleic acid d termination assay, 
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including the polymerase chain reaction, or assaying with labell d 
hybridization probes. In the latter situation, assaying with 
binding partners for complexes of TRA and HLA, such as antibodi s, 
is especially preferred. An alternate method for determination is 
5 a TNF or 51 Cr release assay, of the types described supra . 

The isolation of the TRAP gene also makes it possible to 
isolate the TRAP molecule itself, especially TRAP molecul s 
containing the amino acid sequence coded for by SEQ ID NO: 2. 
These isolated molecules when presented as the TRA, or as complexes 

10 of TRA and HLA, such as HLA-A24, may be combined with materials 
such as adjuvants to produce vaccines useful in treating disord rs 
characterized by expression of the TRAP molecule. In addition, 
vaccines can be prepared from cells which present the TRA /HLA 
complexes on their surface, such as non-prol iterative cancer cells, 

15 nonproliferative transf ectants, etcetera. In all cases where 
cells are used as a vaccine, these can be cells transf ected with 
coding sequences for one or both of the components necessary to 
provide a CTL response, or be cells which express both molecules 
without transf ection. Further, the TRAP molecule, its associat d 

20 TRAs, as well as complexes of TRA and HLA, may be used to produc 
antibodies, using standard techniques well known to the art. 

When "disorder 11 is used herein, it refers to any pathological 
condition where the tumor rejection antigen precursor is expressed. 
An example of such a disorder is cancer, melanoma in particular. 

25 Melan ma is well kn wn as a cancer of pigm nt producing cells. 
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Therapeutic approaches based upon the disclosure are premis d 
on a response by a subject's immune system, leading to lysis of TRA 
presenting cells, such as HIA-A24 cells, one such approach is th 
administration of CTLs specific to the complex to a subject with 
abnormal cells of the phenotype at issue. It is within the skill 
of the artisan to develop such CTLs in vitro . Specifically, a 
sample of cells, such as blood cells, are contacted to a cell 
presenting the complex and capable of provoking a specific CTL to 
proliferate. The target cell can be a transf ectant, such as a COS 
cell of the type described supra. These transf ectants present the 
desired complex on their surface and, when combined with a CTL of 
interest, stimulate its proliferation. cos cells, such as those 
used herein are widely available, as are other suitable host cells. 

To detail the therapeutic methodology, referred to as adoptive 
transfer (Greenberg, J. Immunol. 136(5): 1917 (1986); Riddel t 
al., Science 257: 238 (7-10-92); Lynch et al., Eur. J. Immunol. 21: 
1403-1410 (1991); Kast et al., Cell 59: 603-614 (11-17-89)), cells 
presenting the desired complex are combined with CTLs leading to 
proliferation of the CTLs specific thereto. The proliferated CTLs 
are then administered to a subject with a cellular abnormality 
which is characterized by certain of the abnormal cells presenting 
the particular complex, where the complex contains the pertinent 
HLA molecule. The CTLs then lyse the abnormal cells, thereby 
achieving the desired therapeutic goal. 

Th f r going therapy assumes that at least s me of the 
subject's abnormal cells pr s nt the r 1 vant HLA /TRA c mplex. 
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This can Joe detennin d very asily, as th art is very familiar 
with methods for identifying cells which present a particular HLA 
molecule, as well as how to identify cells expressing DNA of the 
Pertinent sequences, in this case a DAGE sequence. Once cells 
5 presenting the relevant complex are identified via the foregoing 
screening methodology, they can be combined with a sample from a 
patient, where the sample contains CTLs. If the complex presenting 
cells are lysed by the mixed CTL sample, then it can be as sum d 
that a GAGE derived, tumor rejection antigen is being presented, 

10 and the subject is an appropriate candidate for the therapeutic 
approaches set forth supra . 

Adoptive transfer is not the only form of therapy that is 
available in accordance with the invention. CTLs can also be 
provoked An ViVP, using a number of approaches. One approach, 

15 i.e., the use of non-prolif erative cells expressing the complex, 
has been elaborated upon £UBE&. The cells used in this approach 
may be those that normally express the complex, such as irradiated 
melanoma cells or cells transfected with one or both of the gen s 
necessary for presentation of the complex* Chen et al., Proc. 

20 Natl. Acad. Sci. USA 88: 110-114 (January, 1991) exemplifies this 
approach, showing the use of transfected cells expressing HPV E7 
peptides in a therapeutic regime. Various cell types may be used. 
Similarly, vectors carrying one or both of the genes of interest 
may be used. Viral or bacterial vectors are especially preferred. 

25 In th s syst ms, the gen of interest is carried by, e.g. , a 
VflgSinift virus or the bacteria BCG, and the materials de facto 
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"infect" host cells. The cells which result present the complex 
of interest, and are recognized by autologous CTLs, which th n 
proliferate. A similar effect can be achieved by combining the 
tumor rejection antigen or the precursor itself with an adjuvant 
5 to facilitate incorporation into HLA-A24 presenting cells which 
then present the HLA/peptide complex of interest. The TRAP is 
processed to yield the peptide partner of the HLA molecule while 
the TRA is presented without the need for further processing. 

Also a feature of this invention are isolated peptides deriv d 
10 from the DA6E TRAP which conform to the rules for presentation by 
MHC molecules. For example, in PCT application No. PCT/US93/ 07421, 
incorporated by reference herein, several motifs are described as 
being associated with different MHC molecules. These motifs, 
incorporated by reference herein, as well as those taught by, e.g. 
15 Palk et al., Nature 351: 290-296 (1991); Engelhard, Ann. Rev. 
Immunol 12: 181-207 (1994); Ruppert et al., Cell 74: 929-937 
(1993); RBtzschke et al. , Nature 348: 252-254 (1990); Bjorkman et 
al.. Nature 329: 512-518 (1987) and Traverser! et al., J. Exp. Med. 
176: 1453-1457 (1992) all of which are incorporated by reference, 
20 serve as a basis for identifying appropriate peptides obtainabl 
r derivable from the DAGE gene. These peptides may be used alone, 
r in mixtures, in another aspect of the invention, which is now 
described. Exemplary of these are the following. For HLA-A2, a 
binding motif is Xaa Leu Xaa Gly (Xaa) n Leu (SEQ ID NO : 10) where 
25 n is 4 r 5. Amin acids 120-128 of SEQ ID NO : l corr sp nd to 
this m tif . A second m tif for HLA-A2 replac s t rminal L u with 
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Val (SEQ ID NO : 3), and amino acids 375-384 satisfy this motif. 
For HLA-A3, the motifs are Xaa Leu (Xaa) 6 (Lys or Tyr) (SEQ ID NO 
: 11 and SEQ ID NO : 12). Amino acids 48-56, 100-108, 138-146, 
214-222, and 257-265 of SEQ ID NO : l well satisfy this motif. For 
HLA-A11, the motif (Xaa) 7 Lys Lys (SEQ ID NO : 13) is known, and 
amino acids 169-178, 214-223, and 223-232 will satisfy it. For 
HLA-A24, the known motif is Xaa Tyr (Xaa) 6 Leu, (SEQ ID NO : 13) 
and is satisfied by amino acids 274-282, and 467-475 as well as SEQ 
ID NO : 5. For HLA-B7, the motif is Xaa Pro Arg (Xaa) s Leu, (SEQ 
ID NO : 14) and amino acids 68-76 meet it. For HLA-B8, (Xaa) 2 Lys 
Xaa Lys (Xaa) s Leu (SEQ ID NO : 15) is the motif, satisfied by 
amino acids 176-184 and 218-226. For HLA-B44, motif Xaa Glu (Xaa), 
Asp (Xaa) 2 Phe (SEQ ID NO : 16) is satisfied by amino acids 204-212. 
For HLA-Cw*l601 is satisfied by amino acids 60-68, and 395-403. 

The fact that a number of sequences are present which 
correspond to HLA motifs suggests what will be referred to herein 
as "cocktail" therapeutic and diagnostic uses. It is expected that 
in a typical CTL response to tumor cells, CTLs specific to mor 
than one complex of peptide and HLA molecule will proliferate. For 
example, it may be the case that for HLA-A24 presenting cells, CTLs 
specific for HLA-A24 and amino acid sequence 467-475 will 
proliferate. Thus, one ca optimize the assay by using both 
peptides when attempting to identify CTLs. Similarly, the 
therapeutic methods might be optimized by using more than one HLA- 
A24 binding p ptid . 
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It is well known that individuals are not "monovalent" for HLA 
molecules, as cells present more than one kind of HLA. Thus, one 
can maximize diagnostic and/or therapeutic by combining a number 
of peptides as described fiuj2£A in a diagnostic assay to determine 
CTLs, or to treat patients in the therapies described supra . 

Any concern as to false positives, is believed to be misplaced 
because, as noted sjifica, the nucleic acid molecules of th 
invention have been found to be expressed only in tumor cells, so 
the presence of CTLs to the HLA and the peptides must be considered 
de facto evidence of the presence, at some time in the past of the 
present existence of a cancerous or transformed condition. Thus, 
cocktails of the peptides of the invention can be prepared. 
Determination of the components of the mixture is not difficult, 
because all that is needed is one or more of the HLA types 
presented by the individual under consideration. HLA typing is a 
very standard technique, well known in the art; and well within th 
abilities and skill of the artisan. 

It has been fairly well established that the blood of 
individuals afflicted with tumors frequently contains cytolytic T 
cells ("CTLs") against complexes of MHC molecules and presented 
peptides. See, e.g., Robbins et al., Cane. Res. 54: 3124-3126 
(1994); Topolian et al., J. Immunol. 142: 3714-3725 (1989); Couli 
et al.. Int. J. Cancer 50: 289-297 (1992), all of which are 
incorporated by reference. Also, note Kawakami et al., J. Exp. 
M d. 180: 347-352 (1994); H m t al. , J. Immun th r 10: 153-164 
(1991), Darrow et al, J. Immun 1. 142(9): 3329-3335 (1989); Slovin 
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t al., J. Imnun 1. 137(9): 3042-3048 (1986), all of which ar 
incorporated by reference. These papers all establish th 
usefulness of a CTL proliferation assay to diagnose cancer. 
Expressed generally, one takes a peripheral blood lymphocyte (PBL) 
5 containing sample from a subject to be tested. Assuming that the 
patient does have a tumor, or the subject's cells have began to 
undergo transformation, CTLs which are specific to transform d 
cells with be contained in that sample. These CTLs can b 
stimulated to proliferate via contact with a target cell which 

10 presents complexes of a relevant MHC molecule and the peptid 
presented thereby. For example, as was shown, supra . DAGE derived 
tumor rejection antigens ( w TRAs w ) are presented by HLA-A24 cells. 
Thus, by mixing the PBL sample with a target of HLA-A24 presenting 
cells and peptides which are derived from a TRAP and presented by 

15 HLA-A24, one can observe CTL proliferation, and thus diagnose for 
the presence of transformed cells. These cells can be cells which 
normally present the MHC molecule in question, but can also be 
cells transformed by an HLA coding sequence. The cells may be 
tumor cells, or normal cells. Various ways of determining CTL 

20 proliferation are known, including TNF release assays, and 51 Cr 
release assays. Other methodologies are also available. Thus, on 
aspect of the invention involves mixing a target cell sample with 
a peptide or mix of peptides derived from a DAGE TRA and presented 
by the MHC molecules of the target cell sample and with the PBLs 

25 of the subject under evaluation. The mixture is then tested f r 
CTL prolif ration. 
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Th p ptid r p ptides may also be combined with one or more 
adjuvants which stimulate a more pronounced CTL response. 
Exemplary of such adjuvants are saponins and their derivatives, 
such as those disclosed by U.S. Patent Ho. 5,057,540 to Kensil et 
5 al., incorporated by reference or PCT application PCT/US92/ 03579 
to Scott et al., also incorporated by reference. Of course, 
standard adjuvants, such as Freund's complete adjuvant, or Freund's 
incomplete adjuvant, may also be used. 

Other aspects of the invention will be clear to the skill d 
10 artisan and need not be repeated here. 

The terms and expressions which have been employed are used 
as terms of description and not of limitation, and there is n 
intention in the use of such terms and expressions of excluding any 
equivalents of the features shown and described or portions 
15 thereof, it being recognized that various modifications are 
possible within the scope of the invention. 
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We claim: 

1. An isolated nucleic acid molecule consisting essentially of 
the nucleotide sequence set forth in SEQ ID NO: 1. 

2. An isolated nucleic acid molecule consisting essentially of 
the nucleotide sequence set forth in SEQ ID NO : 2. 

3. An isolated nucleic acid molecule which hybridizes, under 
stringent conditions, to the nucleic acid molecule set forth 
in SEQ ID NO: 1 or SEQ ID NO : 2, and codes for a tumor 
rejection antigen precursor, with the proviso that said 
isolated nucleic acid molecule does not code for any of a MAGE 
tumor rejection antigen precursor or a BA6E tumor rejection 
antigen precursor or a GAGE tumor rejection antigen precursor, 

4. An isolated nucleic acid molecule consisting of nucleotides 
1-1554 of SEQ ID NO: 1. 

5. An isolated mRNA molecule which is complementary to the 
nucleic acid molecule of claim 1. 

6. A host cell transfected or transformed with the nucleic acid 
molecule of claim l. 
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7. A h st cell transfected or transformed with the nucleic acid 
molecule of claim 3. 

8. A host cell transfected or transformed with the nucleic acid 
molecule of claim 4. 

9. An expression vector comprising the isolated nucleic acid 
molecule of claim l or claim 2, operably linked to a promoter. 

10. An expression vector comprising the isolated nucleic acid 
molecule of claim 3 operably linked to a promoter. 

11. An expression vector comprising the isolated nucleic acid 
molecule of claim 4, operably linked to a promoter. 

12. The host cell of claim 6, wherein said host cell is a 
mammalian cell which expresses HLA-A24. 

13. The host cell of claim 7, wherein said host cell is a 
mammalian cell which expresses HLA-A24 . 

14. The host cell of claim 8, wherein said host cell is a 
mammalian cell which expresses HLA-A24. 

15. Th express! n v ct r of claim 9, further comprising a nucleic 
acid m 1 cule which codes for HLA-A24 . 
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16. The xpressi n v ct r of claim 10, further comprising a 
nucleic acid molecule which codes for HLA-A24. 

17. The expression vector of claim 11 , further comprising a 
nucleic acid molecule which codes for HLA-A24. 

18. Expression kit comprising a separate portion of each of: 

(i) the isolated nucleic acid molecule of claim l or 
claim 2, and 

(ii) a nucleic acid molecule which codes for HLA-A24. 

19. Expression kit comprising a separate portion of each of: 

(i) the isolated nucleic acid molecule of claim 3, and; 

(ii) a nucleic acid molecule which codes for HLA-A24 « 

20. Expression kit comprising a separate portion of each of: 

(i) the isolated nucleic acid molecule of claim 4, and; 

(ii) a nucleic acid molecule which codes for HLA-A24. 

21. An isolated tumor rejection antigen precursor coded for by the 
nucleic acid molecule of claim 1, 2, 3 or 4. 

22. Isolated peptide of SEQ ID NO : 5 or SEQ ID NO : 7. 
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